The development of expressed sequence tags (ESTs) from pea has provided a useful source for mining novel simple sequence repeat (SSR) markers. In the present research, in order to find EST-derived SSR markers, 18 552 pea ESTs from the National Center for Biotechnology Information (NCBI) database were downloaded and assembled into 10 086 unigenes. A total of 586 microsatellites in 530 unigenes were identified, indicating that merely 5.25% of sequences contained SSRs. The most abundant SSRs within pea were tri-nucleotide repeat motifs, and among all the tri-nucleotide repeats, the motif GAA was the most abundant type. In total, 49 SSRs were used for primer design. EST-SSR loci were subsequently screened on 10 widely adapted varieties in China. Of these, nine loci showed polymorphic profiles that revealed two to three alleles per locus. The polymorphism information content value ranged from 0.18 to 0.58 with an average of 0.41. Furthermore, transferable analysis revealed that some of these loci showed transferability to faba bean. Because of their polymorphism and transferability, these nine novel EST-SSRs will be valuable tools for marker-assisted breeding and comparative mapping of pea in the future.
Introduction
In all kinds of molecular markers, simple sequence repeat (SSR) marker has become one of the most important molecular markers, due to co-dominant inheritance, multi-allelic nature, relative abundance, extensive genome coverage, and ease detection by polymerase chain reaction (PCR) (Powell et al., 1996) . However, the development of traditional 'anonymous' SSRs from genomic DNA is costly and timeconsuming (Squirrell et al., 2003; Ellis and Burke, 2007) . Recently, with the development of functional genomics, a huge number of expressed sequence tags (ESTs) were deposited in a public sequence database (Kong et al., 2007) , providing a potentially rich source of SSRs (Ellis and Burke, 2007) . Deriving from EST, EST-SSRs have some intrinsic advantages over genomic SSRs in their direct association with transcribed genes, low expense for development, and high level of transferability to related species (Varshney et al., 2005) . To date, the development of SSR through searching the database of EST (dbEST) has become a fast, efficient, and low-cost option for many plants (Tangphatsornruang et al., 2008) .
Pea (Pisum sativum L.) is one of the most popular legumes in the world. Its production ranks second among the cool season pulses in the world and can be used as a vegetable, pulse, and feed. Despite its long history of domestication and economical importance, to our knowledge, only a limited number of SSRs have been developed so far (Burstin et al., 2001; Loridon et al., 2005) . There still has been no report of the development of EST-SSR markers from pea. Here, we report the isolation and identification of EST-SSRs in P. sativum, including their frequency and distribution, polymorphism, and transferability to the related species Vicia faba.
Materials and methods

Plant materials
Ten pea varieties cultivated across China were used to evaluate the marker polymorphism. These varieties included 'Zhewan 1', 'Xiaoshanbaihua', 'Zhongwan 4', 'Zhongwan 6', 'Tengfei 5', 'Qizhen 77', 'Zhenzhulu', 'Taizhong 11', 'Zhongjia 604', and 'Shijiadacaiwan'. Three V. faba L. varieties, including 'Dabaidou', 'Xiaoqingdou', and 'Linyu 1', were used for transferability studies. Genomic DNA from each variety was extracted from young seedlings grown in a glasshouse. A total of 0.1 g leaf material was used for each repeat and isolated using DNeasy Plant Mini Kit (QIAGEN, Hilden, Germany) following the manufacturer's instructions. The DNA concentration was estimated by agarose gel electrophoresis using DNA standard.
Database search and primer definition
P. sativum L. ESTs were acquired by searching GenBank (up to November 2009). Those ESTs were assembled into unigenes using DNASTAR software and the parameters for clustering were set at a minimum of 95% identity in 40-bp overlap. The unigenes were used for identifying SSRs via simple sequence repeat identification tool (SSRIT) software (http:// www.gramene.org/gramene/searches/ssrtool). The criteria for SSRs identification were 7, 5, 4, 3 repeat units for di-, tri-, tetra-, penta-, and higher order nucleotides, respectively. The putative function of the EST-SSR markers was identified by basic local alignment search tool X (BLASTX) analysis at the National Center for Biotechnology Information (NCBI), with the threshold of 10 −10 for the expect value (E-value). The primers were designed using the Primer Premier 5.0 software with length of 17-24 bp, annealing temperature of 50-60 °C, and product sizes ranging from 100 to 400 bp. The forward primers of each pair were labeled with 6-carboxyfluorescein (6-FAM) fluorescent dye.
PCR reaction and genotyping
All PCR amplifications were carried out in a 20-μl reaction mixture containing 10-20 ng of genomic DNA, 1×PCR buffer, 1 U of Taq DNA polymerase (TaKaRa, Dalian, Liaoning, China), 2 mmol/L MgCl 2 , 0.2 μmol/L of each primer, and 0.2 mmol/L of deoxynucleotide triphosphates (dNTPs).
PCR reactions were performed on PTC-225 Peltier Thermal Cycler (MJ Research, Waltham, MA, USA) with an initial 5 min of denaturation at 94 °C, followed by 30 cycles of 94 °C for 30 s, appropriate annealing temperature for 30 s, 72 °C for 1 min, and a final extension at 72 °C for 10 min.
The PCR reaction products were diluted and detected on MegaBACE 1000 DNA analysis system (Amersham Biosciences, Piscataway, NJ, USA) at the Center of Analysis and Measurement in Zhejiang University, China. Sizes of amplified fragments were analyzed using ET550-R size standard (GE Healthcare, Piscataway, NJ, USA) and Genetic Profiler 2.0 (GE Healthcare).
Statistical analysis
Polymorphism information content (PIC) was calculated using the formula developed by Anderson et al. (1993) .
Results
EST-SSRs in pea
A total of 18 552 pea ESTs were obtained from the dbEST of NCBI. After removing clustering and assembling of the ESTs, 10 086 unigenes were generated and then used to search for SSRs. The search revealed that only a subset of 530 unigenes contains 586 microsatellites, suggesting that merely 5.25% of sequences contained SSRs (Table 1) . Among all the non-redundant ESTs, 42 unigenes contained two SSRs, 4 contained three SSRs, and 2 contained four SSRs. The putative position of the EST-SSRs was identified by BLASTX analysis at NCBI. The results showed that 34.98% of SSRs were in the coding DNA sequence, 9.90% in 5' untranslated region (UTR), and 25.43% in 3' UTR. There were 29.69% SSRs with unknown position.
Frequencies and distribution of EST-SSRs
The most abundant SSRs within pea were trinucleotide repeats, accounting for 43.90%, followed by 23.00%, 17.77%, 10.28%, and 5.05% for hexa-, penta-, di-, and tetra-nucleotide repeats (Fig. 1) . The repeat unit numbers of SSR loci were from 3 to 25.
The different types of all SSR units were showed in Table 2 . CT/AG was the most common motif, accounting for 23.73% among dimeric SSRs, while GAA/TTC was the most abundant type (19, 7.54%) among the tri-nucleotide repeats. Out of all repeat motifs, the length of SSR was from 14 to 50 bp, with the mean of 17.07 bp.
Polymorphism of EST-SSRs
Forty-nine of the all SSR loci were selected randomly to test the polymorphism of the EST-SSRs in pea. Of these, 37 (75.51%) were found to have products with the expected size range, 5 exhibited unexpected products, and 7 had no significant products.
Among the successful amplifiable primers, nine pairs showed polymorphism. The number of alleles per locus varied from 2 to 3, with the average 2.3. The PIC values varied from 0.18 to 0.58, with mean value 0.41 (Table 3) .
BLASTX searches showed that seven of those polymorphic SSR-associated ESTs matched to the known genes involved in N-rich proteins, sucrose transport protein SUT1, P54 protein, histone H1, and three unnamed protein products. One represented an unknown protein and one represented a novel sequence (Table 3) . 
Transferability of EST-SSRs
Three faba bean cultivars were employed to perform cross species amplification in order to evaluate the transferability of the nine EST-SSRs in related species. The results revealed that four SSRs showed successful amplification and three showed polymorphism in faba bean.
Discussion
In this study, an abundant number of pea ESTs (18 552) obtained from NCBI were used to mine for SSRs. The results indicate that pea ESTs provide an effective resource to search for SSR markers. A total of 586 (5.25%) potential unigenes-contained microsatellite motifs were found, at a higher frequency than that previously reported in some plant ESTs (Cardle et al., 2000; Poncet et al., 2006) . However, the overall frequency and the frequency of different repeat motifs might depend on not only the redundancy level of the sequence, but also the criteria and the datasets for searching for SSR (Yan et al., 2008) . In general, about 5% of ESTs contained SSRs in many plant species when the minimum repeat length was set to be 20 bp (Varshney et al., 2005) .
The type and abundance of different motif repeats have been reported to show variable and uneven distribution in different plants. In the present study, tri-nucleotide repeats were the most abundant, similar to previous studies with other plants, including wheat, cereal, grape, and so forth (Cardle et al., 2000; Gupta et al., 2003) . The reason for the abundance of tri-nucleotide SSRs in plants might be attributed to an absence of frameshift mutations due to the variety of tri-nucleotide repeats (Metzgar et al., 2000) . Among the tri-nucleotide repeats, GAA was observed most frequently in this study, in agreement with that reported on SSR in Fagaceae (Ueno et al., 2008) . Interestingly, the (GAA) n SSRs were also reported in a high frequency in other plants, including Arabidopsis and soybean (Tian et al., 2004) . It seems that GAA might be the most abundant EST-SSR motif in dicots.
It has been reported that EST-SSR markers show lower polymorphism compared to genomic SSR markers (Saha et al., 2006) . In our research, a total of 9 EST-SSR markers have been found polymorphic from 49 EST-SSRs, giving a polymorphism rate of 18%, compared with the 72% polymorphism rate found by Burstin et al. (2001) . The reason for the low level of polymorphism from EST-derived SSRs might be due to the possible selection against alterations in the conserved sequences of EST-SSRs (Scott et al., 2000) . Among the nine EST-SSR markers, seven loci matched to the known genes, which were involved in different functional types of proteins. When associating with the coding regions of the genome, these EST-SSRs would be directly assisted in marker trait associations (Eujayl et al., 2002; Thiel et al., 2003 ). However, the low level of polymorphism of EST-SSRs may be compensated for by their potential of interspecific transferability (Thiel et al., 2003) . The transferability of EST-SSR markers has also been reported in some bean species (Gutierrez et al. 2005; Yu and Li, 2008) . The SSR markers from Medicago truncatula exhibited transferability to faba bean, chickpea, and pea (Gutierrez et al., 2005) . The EST-SSR markers from chickpea also showed high transferability to the six Cicer species and seven legume genera (P. mungo, P. sativum, G. max, T. alexandrinum, L. esculenta, C. cajan, and M. truncatula) (Choudhary et al., 2009 ). The present results show that three loci of nine polymorphic P. sativum EST-SSR markers can be amplified in faba bean, which suggests that it may assist in reducing the costs of marker development, and promote genetic analysis among the bean species.
In conclusion, the present research is the first report about the development of EST-SSRs of the pea. Because of their polymorphism and transferability, these nine novel EST-SSRs will be valuable tools for marker-assisted breeding and comparative mapping of pea in the future.
